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ABSTRACT 
PAVEMENT SLIPPERINESS STUDIES 
Studies of pavement skid resistance in Kentucky have been in progress since 1956. In 1964, an
 extensive 
investigation into the use of an automobile as a testing tool was undertaken and an interim sta
ndard method of test 
was selected. Since then, investigations with the device have continued, both to facilitate meaningful i
nterpretation 
of skid-test data and to evaluate the skid resista~>ce performance of pavement surfaces. 
Variables associated with the testing device, procedures and pavement surfaces were investigated. Sev
eral paving 
projects were tested to determine the number of sites required to obtain a representative result. It w
as found !bat on 
most surfaces, the coefficient of friction varied relatively little, but that testing of two sites wa
s desirable to insure a 
representative measurement. Tests with two different sets of ASTM E-17 standard test tires hav
ing nearly equal 
service life yielded identical results. Limited investigations on the effect of seasonal and temperature
 changes on skid 
resistance were conducted. 
The polishing of pavements due to traffic, time in service, and year-to-year climatic differences were con
sidered 
in order to ascerta:in the frictional characteristics of various pavements. Every type of pavement,
 sealing, and 
deslicking treatment used on Kentucky's state road system were monitored and assessed 
as to their frictional 
properties. The sldd resistance of bituminous and portland cement concrete pavements were 
related to cumulative 
traffic. A regression analysis indicated that skid resistance on bituminous pavements decreased ap
proximately 20 
percent during tbe first million vehicle passes. The decrease was less rapid thereafter, being about 
8 percent during 
the second million and about 6 percent during the !bird. A decrease in the coefficient of friction on 
portland cement 
concrete pavements due to traffic polishing was evident, but was less than on bituminous pavem
ents. Kentucky rock 
asphalt surfaces retained high skid resistance regardless of in-service life or traffic exposure. Dara 
on sand asphalt 
surfaces were not sufficiently complete to generalize about its skid resistance characteristics;h
owever, several of the 
pavements did exhibit rather low coefficients of friction for tbe traffic sustained. For this reason, f
ive experimental 
sandMasphalt surfaces were constructed in 1968. Initial measurements on these surfaces are prese
nted. 
INTRODUCTION 
The steadily increasing volume of traffic, and the velocity with which this traffic travels, has placed increasingly 
greater demands on the construction of pavements which have adequate skid resistance when wet. Accurate and 
reliable measurement of pavement friction and proper interpretation of the test results are integral parts of the 
evaluation of pavement mixes and deslicking treatments and of methods of construction. This report documents the 
work conducted by Kentucky Department of Highways in the area of skid resistance of pavements through Fiscal 
Year 1969. 
'Laboratory skid-resistance studies were initiated by the Kentucky Department of Highways in 1956 (1) and 
field testing began in 1958 (2,3,4). In 1964 an extensive investigation into the use of an automobile as a testing 
device was conducted. The results of the study were presented in a report entitled Skid Testing With An Automnbile 
( 5). A test method, the Kentucky interim standard method of test, was selected and has been used in field 
investigations ever since. A portable skid~testing device, the Drag· Tester, was purchased and used in conjunction with 
the automobile during 1967 and 1968. The results were sufficiently encouraging to warrant recommending its use on 
bituminous concrete surfaces. A tester has since been placed in each of the highway districts. 
Many factors and influencing variables associated with the testing device, test procedures, and pavement 
surfaces must be considered and quantified, if possible, to facilitate meaningful interpretation of skid-test data. An 
effort was made to determine the statistical significance of the measurements as a result of the procedures employed, 
effects due to replacement and wear of test tires, and environmental influences such as season and temperature. 
Polishing effects due to traffic, time in service, and year to year enviromental differences were considered in 
order to ascertain the frictional characteristics of various pavements. Skid resistances of over 40 road surfaces of 
different types and ages have been monitored since 1964. Some of these pavements have been tested since 1961 with 
varying methods of tests. During 1966, an additional 45 projects, which were constructed the previous three years, 
were included in the study and retested in 1967 along with 20 projects of recent construction. Also tested in 1967 
were 16locations exhibiting high incidence of wet-weather accidents. 
Nineteen sand-slurry seal maintenance applications, placed during Fiscal Year 1968, were skid tested to further 
evaluate the benefits derived from these surfaces. In 1968, several experimental silica sand-asphalt surfaces were 
constructed for the purpose of ascertaining the best mix design from the standpoint of skid resistance. These 
surfaces were periodically inspected and skid tested. 
The Division of Research participated in a skid correlation study in Florida during the fall of 1967 with a test 
automobile and assumed the responsibility for coordinating the automobile tests and reporting the results (6) . The 
Kentucky interim standard method of test using an automobile was correlated with the skid trailers. The result of 
this correlation and brief discussion on the subject are presented in this report. 
AUTOMOBILE METHOD OF TEST 
Methods of testing for skid resistance vary. Present trends are toward the use of a towed trailer, but many 
agencies Jo use portable testing devices and automobiles as prime testing tools, or more often, to supplement the 
trailer method of test. No single device can satisfy all of the test requirements to provide a complete assessment of 
the frictional characteristics of a pavement. Each method of measurement has its particular advantages and 
limitations. This is certainly true for the automobile method of test in which the velocity of test is confined to a low 
range. However, in real life, vehicles experience non-steady-state skidding rather than steady-state slidding; thus, the 
test does represent a realistic situation that may be encountered on the highway. 
Instrumentation 
The interlffi standard method of test used by the Kentucky Department of Highway
s was developed in the 
1964 correlation studv I 5) . A 1962 Ford sedan, instrumented to record time, distance
, and velocity was used as a 
test vehicle. A brief description of the manner in which each of the parameters and
 events we1c detected and 
recorded follows: 
Time: A Sanborn Model 320 strip-chart recorder, operated at a chart speed of 100 
mm/second, permitted 
measurements of small increments of time. Since chart speed was inversely proportional
 to the frequency of the AC 
power supply, it was necessary to monitor the frequency of the inverter and to
 appropriately correct the 
measurement of time. A vibrator-reed type frequency meter was used for this purpose. 
Distance: The skidding distance was obtained by using a magnetic counter with a cam-op
erated microswitch on 
the ftfth wheel. Before braking, a switch inside the vehicle was turned on, activating th
e counter. The operation of 
the microswitch was recorded on the Sanborn recorder by monitoring the potential 
on the solenoid within the 
magnetic counter. The resultant wave form, representing one count per cycle, could th
en be counted on the chart. 
Each count represented one foot of skidding distance. 
Velocity: A tachometer generator, mounted on the axle of the fifth wheel, was used
 in conjunction with a 
Weston Model 910 speedmeter to indicate velocity. The output of the tachometer gen
erator was recorded on the 
Sanborn recorder. 
Procedures 
Skid Test: Prior to each day's testing, the fifth-wheel speedmeter was accurately cal
ibrated on a two-mile 
section of highway by measuring time with a stop watch while maintaining constant sp
eed. The magnetic distance 
counter was also found to be reliable for the purpose of speed calibration for speeds Jes
s than 33 mph (3000 counts 
per minute). The velocity calibration of the Sanborn recorder was then based on the a
ccurately calibrated Weston 
speedmeter. 
At the test site, traffic control was established, aided greatly by the ; .. se of two-way rad
ios or "walkie-talkies". 
A 1 \>-ton water truck, equipped with spray bar and water pump, then wetted the pavem
ent in the test Jane. Usually 
two applications of water were required for the first few tests, and onere-wetting for e
very two or three additional 
tests. The wetted pavement could be described as well-saturated .. i.e., surface cavities f
illed with water until runoff 
resulted. 
Sufficient starting distance preceded the test section to permit the vehicle to attain 
the desired speed. The 
magnetic distance counter was activated and the recorder was turned on at I mm/seco
nd chart speed. The vehicle 
was accelerated to above test speed, the chart speed advanced to 100 mm/second and
 the transmission placed in 
neutral. The last two maneuvers, executed a few seconds before brake application, insu!e
d a steady AC power supply 
throughout the test and permitted the recorder to attain the desired chart speed. At th
e appropriate velocity, Jess 
than 40 mph, the vehicle brakes were applied quickly and fmnly to facilitate rapid wheel
 lock. Immediately after tho 
completion of a skid, the chart speed of the recorder was returned to I mm/second and 
the power supply frequency 
was noted. At least five tests were made in each lane. The beginning of each succ
essive test was advanced 
approximately 10 feet to minimize overlapping. All measurements were made using 
ASTM E-17 Pavement Test 
Standard Tires inflated to 24 psi. 
Skid Resistance Determination: The coefficient of friction was obtained by determining 
the elapsed time in the 
velocity increment between 30 mph and 20 mph from the velocity recording on the S
anborn recorder chart. The 
following equation was used: 
f(30 . 20) = o.o4s6 (V 12 · v22)/(t2 - t1). 
When substitution was made for V 1 = 30 mph and V 2 = 20 mph, 
2 
f{30- 20) = 22.8 I (t2- tt) 
where (t2,t1) is elapsed time in the velocity increm
ent {V 1-V 2)- The coefficient of friction was also calculated by 
using the distance skidded in the velocity increment (V 1-V 2) as either a check to validate the test data or to obtain 
independent data. The following oquation was then used: 
f{30- 2o) = (v12- v22) 1 30s. 
When substitutions for velocities were made, the equation became 
f{30- 20) = 16.671 s 
where S is the skid distance in feet. While there are theoretical differences involved in using the two equations, in 
actuality the calculated values are usually the same. 
Test Variables 
Site to Site (Longitudinal): The use of an automobile for skid testing requires relatively elaborate traffic 
control and wetting of the pavement which consumes a great deal of time. Therefore, testing of a given pavement is 
usually limited to one or two test sites. Only a small portion of a surfacing project is actually tested and the resultant 
coefficient of friction is considered representative for the project. Even if the pavement can be considered 
homogeneous throughout the project, the surface geometry, road film, etc. could vary enough to make the test on 
one or two isolated sites-not representative. 
To determine the variation in skid resistance throughout the length of a project, a cursory investigation of 
site-to-site variation was conducted in the summers of 1966 and 1967. Eight sites were selected on each of the 
bituminous projects investigated. All sites on a given project were tested on the same day to minimize as many 
extraneous variables as possible. The results are summarized in Table 1 
Tablei 
Coefficient of Friction 
Test 
Low I High I 
Standard 
Project Pavement Year Mean Deviation 
1 64-5(8) 100 Class I 1966 0.48 0.52 0.50 0.017 
TypeB 1967 0.44 0.51 0.48 0.023 
I 754(5)90 Class I 1966 0.52 0.55 0.54 0.012 
Type B 
BGPkwy. Class I 1966 0.61 0.71 0.65 0.027 
CK 15 Type A 1967 0.58 0.63 0.60 0.014 
Even though the range of values appears to be large .in two instances, the standard deviation provides a better 
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indication of the 1ignificance of the variations. The largest deviation was obtained on the Bluegras
s Parkway; 1966 
test year, and indicaies that any one measurement will differ from the mean by less than 4 percent w
ith a 68 percent 
probability 1nd l:ly less than 8 percent with a 95 percent probability. The least variation was obtai
ned on the same 
project in 1967 and indicated a difference of less than 2 percent 68 percent of the time, and less th
an 4 percent 95 
percent of the time. 
The average of the tabulated means was 0.55 and the average standard deviation was 0.018. Ass
uming that 
these averages are representative of a project, and in order for any one measurement to be in 
error by Jess than 4 
percent, the coefficient of friction of that measurement should be between 0.53 and 0.57. These v
alues, along with 
the averages of the tabulated means and standard deviations, were used to calculate a standard norm
al variate which, 
when used with a table of the standard cumulative normal distribution (7), revealed that the pro
bability of one 
measured value being within the bounds of 0.53 to 0.57 was 86 percent. If a 6-percent error
 is allowed, the 
probability increases to 95 percent. 
The investigation revealed that, even though skid resistance varied relatively little throughout the 
project, the 
variation is sufficient to suggest that one test site might not be representative of an entire proj
ect. Also, the 
investigation was confined to what may be regarded as homogeneous surfaces typical of limited 
access highways. 
Testing of more than one location becomes more imperative on surfaces that may not be homoge
neous. Two test 
sites with measured values that differ from their mean by less than 4 percent will provide a represe
ntative value and 
will insure confidence in that value. 
Right and Left Wheel Tracks: One disadvantage of using an automobile as a testing device is that the
 difference 
in skid resistance between wheel tracks in the same lane of traffic cannot be quantitated. However
, the vehicle will 
react during the skid in a manner which will give an indication of the severity of the difference
. In a panic-stop 
situation, the rear of the vehicle will tend to move toward the wheel track with the lowest retarding 
force. If the skid 
resistance in the left wheel track is lower than that of the right wheel track, the vehicle will tend to s
lide towards the 
centerline of the pavement and into the adjoining traffic lane. If the right wheel track has the lowes
t skid resistance, 
the rear will tend to slide to the right edge of the lane. If the difference in skid resistance is large
, an extremely 
hazardous situation may be precipitated, especially at high speeds. 
Severe differences in skid resistance were observed at locations where one wheel track was bleedin
g, patched, 
raveled, or cracked. Figure 1 illustrates a pavement that has severe asphaltic bleeding in one wheel t
rack. Conditions 
of the surface prevented successful testing. Even at 30 mph, the vehicle skidded from the pavement
 in each attempt 
to test. It is important not only to provide adequate skid resistance but also to insure that large d
ifferences in skid 
resistance between wheel tracks does not exist. 
Test Tires: A cursory investigation was made to check the reproducibility of test results using two di
fferent sets 
of ASTM E-17 standard test tires. One set of tires, used in 1965 studies, had a service life of appr
oximately 9,400 
miles and 1,150 skid tests. The other set, used during the later portion of 1966 and repre
senting another 
manufactured batch of tires, had approximately 9,000 miles of service and 1,100 tests made. Th
e measurements 
were conf'ned to one surface and conducted on the same day. The results were as follows: 
1965 Test Tires 
1966 Test Tires 
Coefficient of Friction 
Eastbound 
Lane 
0.53 
0.53 
Westbound 
Lane 
0.52 
0.51 
Both sets of tires had nearly equal service life and their skid resistance may be considered as identica
l. Future studies 
should include new tires and tires with differing uead depths. 
4 
Figure I. Asphaltic Bleeding on US 27 between Lawrenceburg and Frankfort. 
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Environmental Influences 
Temperature: Temperature studies have revealed that skid resistance tends to decrease with
 increased 
temperature (ambient, pavement, and lire temperature). For many years insufficient data prohibited
 formulation of 
a satisfactory explanation for such variations in skid resistance. Recently research has traced the phen
omenon to the 
hysteresis characteristics of the tire rubber. As temperature increases; the hysteresis losses in the ti
re are reduced, 
resulting in lower skid resistance. The magnitude of the loss, of course, is dependent upon the micro
- as well as the 
macro-texture of the pavement surface. Additional tempera lure effects are induced by the changes in 
viscosity of the 
lubricating liquid and the asphaltic binder in the case of bituminous pavements. The effect of the cha
nge in viscosity 
is particularly noticeable on mixes containing a predominance of sand. On Kentucky rock asphalt, 
observations of 
the surfaces after skid tests revealed that loose sand grains are much more prevalent during h
igher pavement 
temperatures. 
During 1966 and 1967, the Kentucky Department of Highways conducted a study of pavement te
mperature 
effect on skid resistance. Measurements were made with the automobile on four different surfac
e types -- Class 
!-Types A and B bituminous concrete, Kentucky rock asphalt, and portland cement concr
ete. The 1966 
measurements were obtained on two days during early summe-r. Five to six tests were conducted on each
 pavement 
throughout the day. The wet surface temperature ranged from 75•F eta 115•F.• The -1967 mea
surements were 
obtained during early spring over a temperature range of 501' 'to 901'.' Four tests were made on
 each pavement 
during a one-day period. Additional tests were conducted on the Class I, Type A and the Kentuc
ky rock asphalt 
surfaces at a later date. Pavement temperature measurements were taken after each test on the wetted
 surfaces. Both 
mercury-in-glass thermometers and surface thermocouples were used to determine the pavement t
emperature. No 
significant differences was observed between the two methods of temperature measurements. 
As a result of the 1967 tests being made earlier in the year than the 1966 tests, a seasonal effect was n
oted. The 
1967 test values were higher than the 1966 data for the same surfaces in the overlapping temperatur
e range of 75 "F' 
to 901'.' Consequently, the 1967 measurements were adjusted to mate with the 1966 data
. The resulting 
temperature- coefficient of friction curves are graphically illustrated in Figure 2. The Class I, Type
 A and Type B 
pavements exhibited almost identical gradients and are shown as one curve. Skid resistance on p
ortland cement 
concrete pavements exhibits the least change with temperature and Kentucky rock asphalt the most. 
Results of this study were not sufficiently conclusive to warrant quantification of the temperature g
radient for 
the purpose of normalizing skid-test data to some reference temperature such as 90"F.'The data does 
suggest that the 
coefficient of friction on bituminous pavements decreases approxtmately 0.012 per 101' ·incr
ease for a wet 
pavement in the temperature range of 601' to 100" F. 
Season: Surface characteristics of pavements are affected by weather. Consequently, the skid res
istance of 
pavements differ from one season to another. Also, the weather of each successive year is not likely
 to be an exact 
duplicate of the preceding year. Some differences, therefore, may be expected in frictional levels of
 roads from one 
year to another after all other influences have been taken into account. The mechanisms responsible for th
e seasonal 
changes in friction are thought to be the seasonal changes in temperature, intensity and duration o
f precipitation, 
and chemical and abrasive nature of road film deposits. All these contribute to altering the micro tex
ture of the road 
surface. In any attempt to define purely seasonal variations in friction, influences due to prevailing t
emperature and 
road fllm at the time of skid-resistance measurements must be known. 
A limited investigation of seasonal changes in skid resistance of pavements was initiated in 1965. The
 study was 
limited both in number of pavements involved and number of times each surface was tested. The stud
y included four 
bituminous surfaces: Class I - Types A and B, sand asphalt, and Kentucky rock asphalt. Two locat
ions on Class I, 
Type B surfaces were tested and one location on each of the other surfaces. Seven rounds of testing w
ere carried out 
tbrough October 1967. The results 'of these tests are presented in Figure 3. The only cyclic, seasonal fluctuations in 
skid resistance tl1at were readily apparent were those measured in spring and contrasted with meas
urements in late 
summer and early autumn. Quite obviously the efforts in this study were insufficient to clearly
 defme seasonal 
changes in friction. FUture investigations must involve a series of measurements conducted at least once e
very month 
on selected, representative pavements in Kentucky. 
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POLISHING CHARACTERISTICS OF PAVEMENTS 
Pavement surfaces, when properly designed ana constructed, will initially exhibit high skid resistance. The 
adequacy of a particular surface from the standpoint of friction must be judged on the basis of in-service 
performance. Weathering of the pavement may adversely or favorably affect its frictional characteristics. Both 
cummulative traffic and traffic volume profoundly affect skid resistance; traffic polishes as well as wears pavements. 
Presently, Kentucky rock asphalt pavements are the only surfaces in Kentucky that wear without an accompanying 
loss.of friction. This is possible whenever the pavement is composed of polish-resistant aggregates, and the attrition 
of the aggregate and binder occurs before the aggregate experiences significant polishing. Any surface containing 
limestone aggregates, either coarse or fines, will polish and in time may become slippery. 
Loss of friction is usually most severe during the first two years after construction. Thereafter the rate of 
polishing decreases and eventually there is little additional polishing. It is at this time that a final judgement as to the 
frictional characteristics of a surface can be made. On bituminow:. pavements, about 5-7 million passes of vehicles 
(equivalent to five years with an ADT of 5,000) may be required while concrete surfaces may require 15-20 million. 
Representative photographs of the various pavement surfaces discussed in the report are shown in Figures 4 and 5. 
aass I BitumiiUJUS Pavements 
In Kentucky, the predominate coarse aggregate in bituminous surface mixes have been limestone. Most of these 
limestones are soft and highly susceptable to polishing. As a result, the Department incorporated natural sand as the 
fine aggregate fraction for surface-course mixtures on higher traffic~volume roads. The following excerpts were taken 
from a departmental report by R. L. Florence (8} and describes the evolutionary refinements in the design of 
bituminous_ surface-course mixtures: 
Virtually all of the limestone aggregates are susceptible to polishing by traffic and weather. This led the 
Department to require natural sand as the fine aggregate fraction (50 percent o[total} for surface-course mixtures 
(Class I, Type H) placed on higher traffic-volume roads. The natural sand apparently reduced slickness but 
introduced other problems. Kentucky's principal sources of natural sands then, primanly Ohio River sand, were 
deficient in fines (minus No. 50-sieve material}. Surface-course mixtures incorporating natural sand as the total fine 
aggregate typically had high void contents, often in excess of 10 percent, which resulted in early deterioration of the 
surface, i e. open joints and raveling, etc. The stab<lity of thnse mixtures, of course, was often low. 
In 1961, a Class I, Type B surface-course being placed on Interstate 64, aark County, exhibited low stability 
and tenderness. A change order was prepared for the project - which allowed the addition of limestone sand, in a 
proportion of approximately 20 percent by weight of the total aggregate to supply the needed fines. From the 
summer of 1061 until April 1963, the Devortment specified the Type B (Modified} composition limits given in the 
table below for Interstate surface courses. 
During the 1963 construction season, the modified mixture was specified also for other roads having traffic 
volumes ih excess of 700 vehicles per day. Aggregates were blended in the proportions of" 37 to 43 percent by 
weight of No. 9 or No. 11, or a blend of No. 9 and No. 11 coarse aggregates; 37 to 43 percent by weight of natural 
sand, and 17 to 23 percent by weight of crushed limestone or crushed slag sand. 
In the same time period, July 1961 to Apri/1963, the Department was considering rather extensive revisions 
and updating of the Standard Specifications . . . Reliable gradation limits were desired for a dense-graded 
surface-course mixture -- with polish-resi!ltant, natural sand comprising a sizable proportion of the aggregate. SmJeral 
surfacing projects were !Pt. more-or-less experimentally, to determine gradation requirements which could be met 
with the aggregates available. This work culminated in adoption of gradation limits for Class I, Type A surface, in 
Aprtl 1963. Coarse aggregates were required to meet both quality and gradation standards; fine aggregates were 
required to meet quality standards only -- thereby enabling blending of sands to meet gradation requirements. For 
heavy traffic-volume roads, the final surface course was required to contain natural sand or conglomerate sand in the 
proportion of not less than 40 percent of the total combined coarse and fine aggregates. 
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Composition Limits, Surface -Course Mixtures, Class I 
Sieve SizP TypeR Type B (Modified) Type A 
1/2 inch 100 100 100 
3/8 inch 85-100 85-100 80-100 
No.4 50-70 SS-75 55-75 
No.88 35-50 40-58 35-60 
No.16 2040 2548 25-50 
No. SO 2-20 5-20 9-21 
No.100 0-10 2-14 5-14 
No. 200 0-5 1-7 3-7 
Bitumen 4-8 4-8 4-8 
The .following average and median Marshall test results were obtaine
d on the Type B (Modified) mixtures from 
thirteen surfacing projects containing limestone coarse aggregate and 
natural sand and limestone fine aggregate: 
Average Asphalt 
Content 
by Extraction 
(Percent) 
5.5 
Stability 
(lbs) 
Average 1465 
Median 1484 
Flow 
(0.01-in) 
7 
6 
Unit Weight 
(lbs/ cu ft) 
146.5 
145.6 
Percent Voids 
in Agg.lin Mix 
15.4 
16.4 
4.5 
5.3 
The Type B (Modified) mixture, as represented by these averages and a
s adjudged by the Marshall mix design 
criteria given below, is very satisfactory from all viewpoints exce
pt the flow value. The low flow value is not 
surprising; surface-course mixtures containinz a sizable proportion 
of natural sand have, historically, yielded iow 
flow values. When the total aggregate is limestone, the flow value increas
es appreciably. The stability value for the 
individual projects ranged from a low of 817 lbs., which is well abo
ve the minimum limit of 500 lbs., to a high of 
2048lbs. 
It may be noted that the average voids in the aggregate, 15.4 percen
t, is slightly below the minimum figure, 
15.5 percent, prescribed in the design criteria. From the tabulatio
n of extracted gradations for these projects, irz 
Appendix II, it may be noted that four of these projects met all th
e requirements for the Type A surjiJCe. lfthese 
four projects are deleted, the following average and median test value
s are obtained: 
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Marshall Design Criteria for 
Hot-Mix, Asphaltic Concrete 
(nominal top size aggregate of 318- inch and medium traf
fic) 
Stabilitv 
Flow 
%Air Voids in Mix 
Minimum Value 
500 lbs 
0.08-in 
3 
%Voids in Mineral Aggregate I 5.5 
Average Asphalt 
Content 
by Extraction Stability 
(percent) (lbs) 
5.65 Average 1331 
Median 1331 
Flow 
(0.01 -in) 
7 
6 
Unit Weight 
(lbs I cu ft) 
144.9 
144.9 
Mru<Wu!ll Vain~ 
0.18-in 
5 
Percent Voids 
in Agg.lin Mix 
16.3 
16.4 
5.7 
6.0 
The following rzverage and median Marshall test results w
ere obtained on Type A mixtures containing limestone 
coarse aggregate and natural sand and limestone fine agg
regate from twenty-two surfacing projects: 
Average Asphalt 
Content 
by Extraction 
(percent) 
5.5 
Stability 
Average 
Median 
(lbs) 
2023 
1988 
Flow 
(0.01-in) 
9 
9 
Unit Weight 
(lbs I cu ft) 
147.0 
147.6 
Percent Voids 
in Agg.l in Mix 
15.0 
14.5 
3.6 
3.1 
In comparing these data to the design criteria, it is appa
rent that the percent voids in the aggregate zs too low. A
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minimum oj 15.5 percent voids in the mineml aggregate. based on the ASTM bulk specific grnvity of the aggregate, is 
required to ensure sufficient space within a compacted paving mixture fr>r the 3 to 5 percent voids needed to prevent 
flushing or bleeding and to accommodate the bitumen content required for adequate durability under service 
conditions. The VMA (voids in mznerat aggregate) is the best trutzcator of these qualities. This means that the Type A 
grading incorporating limestone and natural sand, is too dense -- by these standards; but the fact remains that density 
of the aggrel(ate wading is reflected in the high stability and high unit weight of the mixture. 
Since adoption, in 1964, of an interim standard method of test, various bituminous mixes have been under 
continuous surveillance. About 20 Class I, Type B surfaces were skid tested zach year since 1964. In 1966 and 1967, 
a total of about 30 Type A surfaces and eight Type B (Modified) surfaces were added to the study. The skid test 
data for these as well as other pavements are tabulated io Table IV io the Appendix. 
The cumulative traffic per lane to which the given surface has been eXJ?osed since construction was calculated 
using the appropriate ADT data. Regression analysis using the method of least squares was performed to obtain the 
relationship between coefficient of friction and cumulative traffic for each pavement type. To eliminate the 
apparent differences in the year to year data due to climatic e!Tects, the analysis of data was confmed to each year 
of testing. The regression equations that best fit the data were selected and tabulated in Table II. The data for 1967 
tests and the best fit curves are presented in Figures 6, 7, and 8 for the three Class I pavements-- Type il, Type ll 
(Modified) and Type A, respectively. 
Pavement Type 
Type A 
Type B 
Type B (Modified) 
Table II 
Summary of Regression Analyses 
(Coefficient of Friction vs Cumulative Traffic per Lane) 
Year Data 
Collected 
1966 
1967 
1964 
1965 
1966 
1967 
1966 
1967 
Correlation Equation 
Coefficient of 
Correlation 
0.619 
0.787 
0.581 
0.580 
0.582 
0.762 
0.942 
0.885 
Standard Error 
of Estimate 
0.058 
0.046 
0.058 
0.054 
0.068 
0.060 
0.039 
0.043 
Some of the scatter of the data may be attributed to the discrepancy between ADT information used for a 
particular section of road and that for the point where the test was actually conducted. Variations in a given type of 
mix, especially the differences in carbonate (or silica) content of natural sands, from one project to another, 
environmental effects, variables associated with the test itself, composition of traffic, etc., distract from perception 
of traffic influence on pavement friction. In view of these distraction~ the statistkal correlations observed between 
traffic and skid resistance must be judged to be quite good. 
The data used in the analysis did not negate the influence of several variables as mentioned above, and, 
therefore, the equations cannot be used to accurately predict the skid resistance value of any particular pavement 
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Figure 6. Effect of Traffic on Class I, Type B Bituminous Surfaces (1967 Tests). 
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Figure 7. Effect of Traffic on Class I, Type B (Modified) Bituminous
 Surfaces (1967 Tests). 
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Figure 8. Effect of Traffic on Class I, Type A Bituminous Surfaces (1967 Tests). 
surface at some future date or after some length in service. However, the preponderance 
of the data and the fact that 
the equations are similar for the three types of pavement for each test year, lends cred
ibility to the general trend 
indicated by these equations. Figure 9 exhibits regression curves for the three types o
f bituminous pavements as 
tested in 1966 and in 1967. The Type A pavements exhibit the same trends in surface p
olishing "'the Type B. The 
coefficients of friction of Type A surfaces, however, were lower than for Type B surfa
ces at the same cumulative 
traffic. In fact, the difference appears to be between 0.06 and 0.08. The Type B (M
odified) surfaces exhibited 
somewhat different trends. Their skid resistance characteristics appear to be superior to
 Type A surface•. About 20 
percent reduction in skid resistance on the bituminous pavements occured_ within th
e frrst million vehciles passes~ 
The decrease is less rapid thereafter, being about 8 percent during the second million and
 about 6 percent during the 
third. 
The skid resistances of Type A surfaces constructed in 1964 and 1965 do not compare
 favorably with Type B 
or Type B (Modified) pavements paved earlier. The principal distinction between the mix
tures, as mentioned before, 
was the difference in their void content, which caused the Type A pavements to be too d
ense. This increased density 
was readily apparent upon visual inspection. The surface macro-scopic texture was extreme
ly fme; thus, it would not 
lend itself to quick dissipation of hydrostatic pressures under the tire when the pavement
 was wet. 
Kentucky Rock Asphalt 
A discussion and description of Kentucky rock asphalt surfaces are given in an Augu
st 1968 report entitled 
Kentucky Rock Asphalt Hot-Mix Surfaces (9). Special Provisions No. 24 and 24-A tha
t govern resurfacing projects 
of the 1966 and 1967 construction year are given in Appendix C of that report. 
Twelve resurfacing projects constructed in 1966 and 1967 were skid tested along with th
ree additional projects 
constructed in previous years. The results of tests are tabulated in Table IV in the Appe
ndix. The skid resistances of 
all of the pavements were very high, regardless of in-service life or traffic exposure. The low
est measured value was 
0.57. Rock asphalt pavement is composed of polish-resistant aggregates and the attrition
 of the binder and aggregate 
occurs before the aggregate experiences sigrdficant polishing. 
Sand Asphalt 
A discussion and description of sand asphalt surfaces are given in a February 1965 repor
t entitled Construction 
and Interim Performance of Silica Sand-Asphalt Swfacing (10} and a October 1969 r
eport entitled Expen·mental 
Silica Sand-Asphalt Surfaces (11). 
Most of the silica sand-asphalt surfacings, constructed since 1964, were mordtored for 
skid resistance. Results 
of these tests are tabulated in Table IV in the Appendix. The coefficient offriction varie
d from 0.42 to 0.61. During 
the period of mordtoring, some polishing of these surfaces was noted, but the data were 
not sufficiently complete to 
generalize about skid resistance characteristics. Several of the pavements did exhibi
t rather low coefficients of 
friction for the traffic sustained. 
As an outgrowth of the apparent failure to obtain desired high skid resistance on 
sand asphalt surfaces, 
ccmposed of not less than 50 percent quartz (SiO~, five experimental sand-asphalt s
urfaces were constructed in 
1968 in Pulaski County. Each section was 1.5 miles in length. The design, construction, 
and performance evaluation 
of these surfaces to date may be found in the reference cited previously (11}. All sections w
ere skid tested shortly 
after construction and retested two months later as shown below. Unfortunately, lime
stone chips spread along the 
edge of the pavement have considerably contaminated the surfaces and will, therefore, 
distract from evaluating the 
mixes. Evaluation and monitoring for skid resistance of the surfaces continues. 
Sand Slurry Seals 
Properly designed and placed slurry seals are reputed to be economical, skid-resistant, a
nd reasonably durable. 
Slurry seals offer a possible method of renewing wearing surfaces and of providing prote
ction for existing pavements 
which are not otherwise structurally deficient. A research report entitled Slurry Seal M
aintenance Application (12) 
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Figure 9. Comparison of Effects of Traffic on Class I Bituminous Surfaces. 
dated September 1969 documents the development and performance of slurry seals in Kentucky. 
Pavements 
Regular Sand Asphalt 
Open-Graded High-Silica 
Open-Graded Medium-Silica 
Hut-Mix Rock Asphalt 
Simulated Rock Asphalt 
Coefficient of Friction 
Sept 26,19681 Nov 14,1968 
0.61 0.54 
0.64 0.56 
0:60 0.58 
0.69 
0.59 
Th skid resistance of several sand slurry seal surfaces has been monitored for the past five years, beginning in 
1964 and the data is presented in Table IV in the Appendix. Several sections were sealed between 1964 and 1966. 
Most of the seals have worn or weathered. 
From July 1967 through June 1968, seventeen roadway sections were slurry sealed. Each project was skid 
tested with the automobile and the results are tabulated in Table V in the Appendix. Abont 60 percent of the 
projects yielded coefficients of friction lower than 0.40 in one or both lanes. Several projects should be regarded as 
having inadequate skid resistance to sustain normal driving speeds in wet weather conditions. These surfaces 
appeared to be fatty and in some instances were bleeding. On the other hand, several surfaces exhibited high skid 
resistance, suggesting that good skid resistance may be obtained with slurry seals, provided they are properly 
designed and placed enrl the surfaces initially showed no excess of asphalt. 
Portland Cement Concrete 
ilight portland cement concrete surfaces, three of which have been tested with the automobtle since 1964 and 
tlrree since 1965, were skid tested in 1967. Results of these measurements are tabulated in Table IV in the 
Appendix. All projects were on four-lane highways. Except for the extremely pitted section on US 60 at Shelbyville, 
the pavements exhibited f:tirly high skid resistance. Values varied from 0.47 to 0.64 in the outerlanes and 0.50 to 
0.65 in tl1e inner lanes. 
The most hea;ily trafficked surface had been subjected to over nine million vehicles passes in eight years of 
service. Its coefficient of friction was 0.47 in 1967. The in-service performance of this and two other projects is 
sllown in Figure 10. The polishing effect due to traffic was clearly evident. Also, when portland cement concrete 
pavements were compared to Class I bituminous surfaces in particular, as exhibited in Figure 9, their skid resistance 
durability was evident. No doubt concrete surfaces will contin>te to polisll, but their life expectancy with respect to 
skid resistance requirements carmot be forecasted at this time. 
HIGH ACCIDENT LOCATIONS 
In 1967, the Division of Traffic extracted from State Police records highway locations where a large percentage 
of accidents had occurred in wet weather conditions during a three month period from January to March. The 
locations were suspected of being slippery. Skid tests were conclucted the following summer and results are tabulated 
in Table VI in the Appendix. 
Eighty-seven percent of the locations exhibited a coefficient of friction less than 0.40 in one or both lanes 
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Figure 10. Effect of Traffic on Portland Cement Concrete Pavements. 
tested, and it must, therefore, be suspected that a deficiency i!l skid resistance was indeed a signifi
cant contributing 
cause in many of the accidents. It should be noted that the accidents occurred during winter months w
hen the skid 
resistances of pavements are at their highest levels. Since the tests were conducted in the summer, t
he skid resistance 
at the time of the accidents were higher. than indicated by the coefficients of friction. It tends to 
suggest that a 
pavement surface on a high speed, high traffic-volume highway With a coefficient of friction less 
than 0.40 may be 
hazardous when wet. 
Remedial work was initiated on some of the road sections by the appropriate district maintenance f
orces. 
PORTABLE TESTING DEVICE- DRAG TESTER 
A portable skid tester known as the Drag Tester or Keystone Mark N, shown in Figore II, has been em
ployed 
by the Department of Highways in skid testing since 1967. The Drag Tester measures the drag
 force developed 
between a rubber-heeled shoe and a wetted surface while being pushed by an operator at a brisk w
alk. The resultant 
frictional force is transferred hydraulically to a pressure gauge. The pressure is proportional to th
e frictional force 
experienced by the slider. The readings from the pressure gauge are recorded as Drag Tester Number
s (DTN). 
Coefficient of friction, being influenced by a large number of variables, is a performance value wh
ich depends 
on the type of testing device used and procedures employed. Numerical agreement between data o
btained with the 
Drag Tester and with an automobile, or with any other device, cannot be expected. However
, while there are 
numerical differences, the data might correlate. To establish a correlation between the automob
ile and the Drag 
Tester, and to further evaluate the portable device, the Drag Tester was used in conjunction wit
h the automobile 
during 1967 and 1968. Sufficient data were collected to enable analysis of the relationship betw
een Drag Tester 
results (DTN) and the coefficient of friction, f(30-20), for Class I bituminous pavements and fot 
sand slurry seals. 
The data for Class I bituminous pavements correlated well; however, no correlation was found for sand
 slurry seals. 
The data and resultant regression curve are graphically presented in Figure 12 along with tw
o parameters of 
regression analysis- coefficient of correlation and standard error. 
Whether or not two methods of test will correlate is highly dependent upon the test velocities of
 the devices. 
The larger the differences in test speeds, the less the likelihood that they will correlate. The governing f
actor is the 
surface texture of the pavement. If the textural differences are not significant, the data acq
uired at two test 
velocities will have a defmable relationship. Apparently Class I bituminous pavements exhibi
t similar enough 
textures, and the two test methods thus correlate. In the case of the slurry seal surfaces, textur
es vary from one 
application to another, and, therefore, the data does not correiate. Other pavement types were 
tested with both 
methods of test, but the data was limited. 
A Drag Tester was made available to each Highway District and the Division of Maintenance for us
e in field 
evaluation of Class I bituminous pavements. Table III summarizes the results from tests by Distric
t personnel. 
District No. I acquired a comprehensive skid resistance inventory of bituminous surfaces by testi
ng at intervals of 
approximately fJVe miles along highways in the district. The results of those tests are graphically sh
own in Figure 13. 
SKID CORRELATION STUDY- FWRIDA (1967) 
The Division of Research participated in a skid correlation study at Ocala, Florida, with its skid-test
 automobile 
during October 1967 and assumed the responsibility of reporting on the automobile phase of testin
g. The study was 
sponsored by the Florida State Road Department, the Bureau of Public Roads, and ASTM Commi
ttee E-17 on Skid 
Resistance. . 
The automobile was instrumented to record on a strip-chart recorder the disl!lnce and veloc
ity during a 
skidding excursion. From the resultant recordings, various coefficients of friction were ob
tained, including 
22 
Figure 11. Portable Testing Device-- Drag Tester. 
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Figure 13. Summary of Skid-Test Data for District No. I. 
Table Ill 
Dragtester Utilization by District Personnel 
(1968) 
Highway Locations Projects Drag Tester Numbers (DTN
) 
District Tested Tested Low I High I Mean 
1 205 135 22 45 33 
2 21 14 20 44 
29 
3 4 2 26 32 29 
4 6 ' 24 32 28 
5 7 Watterson 3o 45 
X-way 
6 
7 6 
8 2 
9 6 5 26 35 31
 
10 
11 4 4 16 26 23
 
12 I 1 2
3 
Division of 
MaintenancE-
TOTAL 262 167 
Kentucky's interim standard measurement, 1(30-20). Complete data and discussion o
f the study are presented in 
ASTM publication STP 456, Highway Skid Resistance ( 6). The trailer data on the fine t
extured surfaces, Site I, were 
related to f(30-20). The results of the regression analysis were as follows: 
Test Velocity (Trailers) 
20 JToph 
40mph 
60mph 
Correlation Equations 
Y = 40.0 In X+ 89.4 
Y = 59.4ex- 57.3 
Y = 18.3 (l jInX)+ 0.2 
Coefficient of 
Correlation 
0.995 
0.999 
0.996 
Standard 
ErrorofY 
3.2 
1.1 
2.3 
Figure 14 shows the test data and the regression curves for each test velocity. The tw
o methods of test exhibited a 
high degree of correlation, on the basis of the equations representing the best fit of the
 data. This, however, may be 
highly misleading. First, only four data points were available for any analysis, and, t
herefore, an equation can be 
more readily found which will fit the data. Second, the trailer measurements were ob
tained on artificially wetted 
surfaces. Trailers normally employ self-watering systems during road tests. Third, the t
est surfaces, even though fme 
textured, were quite different in texture and porosity. Therefore, the relationship 
between the trailer and the 
automobile measurements, and f(30-20) >pecifically, remains in doubt. 
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CONCLUSIONS 
The interim standard method of test using an automobile, even though deficient in many respects, h
as been an 
invaluable tool in ascertaining the frictional characteristics and skid resistance adequacy of pavemen
ts in Kentucky. 
The automobile will continue to serve in future research efforts in conjunction with the recently acquir
ed skid-test 
trailer, as will the Drag Tester. 
While limited efforts were directed toward quantifying environmental effects of temperature and
 seasonal 
changes on frictional forces generated between the standard test tire and pavement surface interf
ace, the results 
presented indicated general trends only. Additional efforts must be expended to defme temperature
, seasonal, road 
film, etc. influences on skid resistance for the purpose of standardizing measurements to selected .references
. 
Every type of pavement and sealing and deslicking treatment used in Kentucky was monitored and 
assessed as 
to their frictional properties. New insights were gained and applied toward development and refinem
ent of wearing 
surfaces, using locally available materials, so as to yield the best perfonnance characteristics from th
e standpoint of 
structural and skid resistance adequacy. These studies will be continued and expanded employing th
e best available 
equipment, instrumentation and techniques. Skid resistance measurements to date were confined
 to the low velocity 
end of the driving speed spectrum (between 30 mph and 20 mph) and in this regard has limited
 the ability to 
perceive frictional properties of pavements at nonnal driving speeds, such as between 50 mph an
d 70 mph. The 
skid-test trailer will eliminate this problem and surely new understanding concerning frictional behavi
or of pavement 
surfaces will be forthcoming. 
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APPENDIX 
TABLE :nz:: 
SKID TEST DATA 
ROUTE PROJECT CONSTR 
C0E"l'ICIE'IT Of PRTCTFN 
~ CO!J.'.ITY lill-!BER WC~TION YEAR LANE 
19()(; 196'"" 19~7 ADT 
CLASS I, TYPE A SURFACES 
I 65 Hart & Larue I 65-3(10) 70 Bonnieville-linton 19(J5 SBO 0.52 O.H 
SBI 0.61 o.5n 10450 
I 75 Hadison I 75-3(4)87 Richmond -Lexington 19M SBO 0.46 0.43 
SET n.M 0.61 10440 
BGP Anderson CK 15 La\vrenceburg -Versailles 1965 EBO 0.59 0.52 
EBI o. 72 0.66 4630 
KY4 Fayette SP 34-304 Lexington NeN Circle Road 1965 Both 0.43 21890 
us 25 & \fadison SP 76-51 Berea-Richmond 1965 Both 0.36 7150 
us 421 
us 27 Campbell SP 19-211 Falmouth-Alexandria 1965 Both 0.46 n.5o 3930 
us 27 Pendleton SP 96-237 Falmouth-Alexandria 1965 Both 0.50 n.sn 2150 
us 27 Pendleton Sp 96-17 Falrnouth-Alex?..ndria 1965 Both o.4s 0.4g 3330 
lJS 31E Larue SP 62-1 Hodgenville-Bardstown 1965 Both 0.56 0.55 1200 
us 41 Christian F 171(5) Honkinsvllle-Crofton 1966 Bnth n.::J(' 5130 
us 41 Hopkins SP 54-20 Madisonville-Slaughters 1965 Both O.::l6 0.40 8010 
US 41A Hopkins SP 54-340 Dixon-Madisonville 1961 
N. of Ne!Jo Both 0.41 0.43 2400 
At Madisonville 0.3-1 0.36 1710 
us 60 Breckingridge SP 14-13 Hardinsburg-Irvington 1965 Both 0.47 0.46 2240 
us 60 Woodford SP 120-95 Versailles-Lexington 1965 EBO 0.42 0.41 
SP 34-164 EBI 0.56 0.52 18750 
RmrrE PROJECT C(X;STR COEFFICIB~ OF FRICTION 
,\1Pf!lER COl!NTY i\~Pf!lER WO\TI0:-1 ~ LA.\IE l9fi6 l2.§Z 1967 ADT 
CLASS I, TYPE A SURFACES cont. 
us 60 Bath SP 6-64 Owingsv:i 1le-~-1orehead 1965 Both 0.49 0.45 1770 
us 60 Rowan SP 103-2 ~forehead-Olive llill 1965 Both 0.37 0.33 4400 
us 68 Logan SP 71-281 Elkton-Russellville l%5 Both 0.4R 0.52 3680 
US tiS Barren SP 85-84 Glasgow-Ec.lmonton 1965 Both 0.49 0.47 2800 
us 68 :Ietcalfe SP 5-52 Glasgow Edmonton 1965 Both 0.53 0.50 1540 
us 68 Bourbon Sl) Group 8 Paris-Carlisle 1964 Both 0.54 o.52 3580 
us 127 Anderson CK 8, SP 3-91 llarrodsburg-Lm ... rrencehurg 1965 
SP 3-101 s. us 62 Both 0.54 0.53 4110 
N. end of 4-1ane SBO 0.52 0.46 
SBJ 0.62 0.(>3 5500 
us 127 Owen SP 94-113 Frankfort-01...1enton 1965 Both o.55 0.56 870 
us 150 Boyle F 220(ll) PerTyV"ille-DanvilJ c 1964 
SP 11-220 (1 ~ 7 '--ri~ E. Perryville Both 0.47 0.4q 2310 
Boyle Co. High School 0.3" 0.41 3400 
us 231 Daviess SP 3fl-97 Hartford-Owcnshoro 1965 Both 0.44 0.44 6510 
KY 32 Fleming SP 35-90 F1 cming shurg-'·lore head 19fi5 
l:.c.L. F1emi.ngshurg Both 0.42 0.4~ 2470 
5 '1i. E. Flemingshurg 0.56 O.SR 1640 
KY 80 Floyd SP 36-136 tlin(1man-/\11cn 1965 Both 0.4" 0 •. )8 4030 
KY ll4 \lagoffin s 267 (ll) Salyersville-Prcstrnshurg 1965 Botll 0.49 0.45 2000 
n· 114 Floyd s 267 (8) Salyersv i llc-PrcstonslJurg 1965 Both 0.58 0.56 1500 
KY 148 Jefferson SP Group 6 Fjnc1wi1lc-Fishcrvil1 c 1964 Both 0.59 0.52 780 
KY 245 Nelson SP 90-345 BardstOM1-Sllcr,hcrdsvi 11 c 1965 Both n.5s 0.54 1240 
KY 1678 Bourbon HS 9-199 ClCJ-rk County Line-Pflris 1965 Both 0.54 0.53 1480 
COEFFICI5~ OF FRICTION i\DT 
ROliTE PROJ!iCf CONSTR ---
,NUMBER OJ!P.ffl ~ LOCATION ~ ~ J964 1965 1966 1967 ~ 1967 
CLASS I, TYPE A SURFACES (WET BOTTOM FURNACE SLAG) 
KY 176 Muhlenberg SP 89-43 Drakesboro-Paradise 1964 Both 0.40 0.40 0.38 ll20 
CLASS I, TYPE B SURFACES 
I 64 Clark I 64-5(7)93 Winchester-Mt. Sterling 1961 EBO 0,47 0,43 0.50 0.54 
EBI 0.62 0,60 0,70 0.67 4390 5790 
Fayette U-UG 539 (19) Lexington Relief Route 1962 EBO 0,48 0,44 0.50 0.42 
EBI 0.60 0,55 0,58 0.50 12410 24020 
Fayette UG 538(7) Lexington Relief Route 1960 EBO 0.52 0,47 0.53 0,44 
EBI 0.51 0.44 0.55 0,50 12360 26140 
WKP r.:rayson WK 28-1 Leitchfield-Elizabethtown 1963 WEO 0.55 0,47 
l\'BI 0,59 0.70 2220 29811 
us 23 Boyd u 537-11 Ashland-Greenup 1960 Both 0,48 16460 17500 
us 25 Rockcasth SP 102-177 Livingston-Jilt. Vernon NBO 0.27 0,24 0,21 
''Bl 0.41 0.40 0.38 7260 10200 
us 27 & Bourbon SPG S, Lexington-Paris- 1962 
us 68 SP 9-119 Antioch Road Both 0.35 0.34 0,37 0,41 
Memorial Garden 0.46 0.42 0.46 0.47 5480 5600 
US 31W w·arren Franklin-Bowling Green Both 0.40 0,50 0.42 7610 8150 
US 31W Hart Horse Cave-i'..funfordville Both 0.34 0_34 0,48 0.38 7550 6600 
US 31W Hart SP 50-20 Munfordville-Bonnieville 1958 Both 0.34 0,35 0,50 2630 1680 
us 60 Clark SP 25-102 Lexington-Winchester 1960 Both 0.43 0,44 0,52 0.52 3120 3800 
us 62 Ohio SP 92-144 Central City-Beaver Dam 1960 Both 0.40 0.42 0,46 105(' 1240 
COEFFICIENT OF FRICTION ADT 
ROUTE PROJECf CONSTR 
.~ ~ ~ LOCATION ~ 
LANE 1964 1965 1966 1967 1965 1967 
CLASS I, TYPE B SURFACES cont. 
us 68 ;tercer SP 84-132 Perryville-IIarrodshurg 1!160 Both D.Sl o.so 0,52 0.55 10110 1831"1 
us 150 Lincoln /11P 69-70P Mt. Vernon-Stanford 1960 Both 0.37 0.35 0.42 0.36 
2600 3130 
us 231 Daviess P1ea~ant Ridge-owensboro 1962 SB 0.
36 3200 4230 
KYll Bath SP 6-4-351 Mt. Sterling-:-Flemingsourg 1961 Both \J,50 0.47 0.58 
0.52 1180 1400 
KY 34 Boyle s 640(2) Danville-Herrington Lake 1960 Outer 0.48 0.42 0.42 0.42 5370 3460 EBI 0.59 0.58 0,52 0,49 
KY36 Nicholas Carlisle-Bath Co. Line 1961 Both 0.53 o.so o.ss o.ss 450 640 
Ky 229 Laurel s 150(4) Barbourville-London 1958 ~oth 0,42 0,39 1490 2250 
CLASS I, TYPE B (MODIFIED) SURFACES 
I 64 Boyd I 64-8(10) Lexington-Catlettsburg 1964 EBO 0.61 
0.54 1770 2890 
EBI 0,69 0.68 
I 64 Boyd I 64-8(11) lSi Lexington-Catlettsburg 1964 EBO 0.56 
0.48 1750 28!11) 
EBI o. 71 0.62 
I 75 Fayette I 75-4(15)98 Lexington-Richmond 1963 SBO 
0,44 10970 12831) 
SBI 0.60 
us 2SW Whitley SP 118-220-7 KY 90 Corbin 1963 Both 0.38 0.39 6680 
6\100 
us 68 Nicholas SP 91-139 Paris-Haysville 1963 Both 0.48 0.45 
1080 15on 
KY 70 Taylor SP 109-48 Mannsville-Liberty 1963 
E.C.L, ~kulnsville Both o.so 0.54 450 460 
0.75 !IIi. W, Co. Ln. 0,57 0,58 930 
660 
KY 109 Hopkins SP 54-260 Beulah-Providence 1963 Both 
0,54 0.50 1370 1120 
Jefferson RH 1087-A Lyndon Lane 1963 Both 
0.44 0,46 6775 
COEFFICIENT OF FRICTION ADT 
RO!ITE pllDJECr CONSTR 
NUMBER COUNTY ~ LOCATION YEAR ~ ~ 1966 
1967 1968 1965 1967 
SAND ASPHALT SURFACES 
us 41 Hopkins Madisonville-Hanson 1966 SB 0.40 6670 9150 
us 60 Breckinridge SP 14-333 Irvington-Ft. Knox 1967 Both 0,56 2330 2330 
us 60 Franklin Fr::~.nkfort 1966 WBO 0.52 0,42 0.47 10000 
WBJ 0.51 0,61 
us 60 Meade SP 82-423 Muldraugh-I rvingwn 1967 Both 0,59 2160 26Cl(l 
us 62 Anderson Lawrenceburg-Tyrone 1966 Both 0.54 0,57 0.61 2000 21011 
us 68 McCracken SP 73-72 Paducah-Palma 1967 Both 0,45 4600 5940 
us 431 Logan Adairville 1964 Both 0.48 0,49 0.42 0,45 1370 1540 
!Cf 121 Calloway SP 18-123 Murray-Coldwater 1967 Both 0,45 4180 38711 
KY 236 Boone SP 8-270-5 Cincinnati Airport-US 25 1966 Both 0,50 0.46 0,50 10000 1429(1 
KENTUCKY ROCK ASPHALT SURFACES 
us 3JE Barren SP 5-12 Glasgow-Hodgenville 1966 Both o. 70 0,62 3750 397(1 
us 31E Hart SP 50-40 Glasgow-Hodgenville 1966 Both 0.68 0.64 1730 1510 
us 31E & Nelson SP 90-5 Bardstown-Cox's Creek 1967 Both 0.57 3660 2750 
us 150 
US 31W & Hardin SP 47-39 Ft. Knox-Louisville 1967 Both 0.66 14670 15900 
us 60 
US 31W Warren SP 114-68 Bowling Green-Park City 1966 NBO 0.63 0,68 
NBI 0,70 11700 11710 
us 41 Henderson SP 51-99 Madisonville-Henderson 1967 Both 0,60 5900 8000 
SP 51-299 
COEFFICIENT OF FRICTION ADT 
l"l.OUTE PROJECT CONS1R 
1\lJ'I'illER COUNTY :NtJ!v!BER LOCATI00/ YEAR LANE 1964 1965 1966 1967 1965 1967 
KENTUCKY ROCK ASPHALT SURFACES cont. 
us 62 Nelson SP 90-385 Elizabethtmm-Bardstown 1956 Both 0.65 0.65 0,66 chip- 2200 2060 
sealed 
us 62 Anderson SP 3-111-151:1 Bloomfield-Lm .. 'Tenceburg 1952 Both 0.62 0.70 0.69 1450 1620 
us 68 Christian SP 24-65 Fairvie;'l-Hopkinsville 1967 Both 0.62 2380 1900 
SP 24-525 
us 79 Todd SP 110-126 Guthrie-Russellville 1967 Both 0.64 1620 1440 
us 127 Russell SP 104-78 Jamestm.'I1.-Cumber1and Lake 1967 Both 0.60 1130 1200 
KY 70 Barren SP 5-292 Cave City-Sulphur Wells 1967 Both 0.61 1080 1290 
KY 80 l\letcalf SP 85-24 Edmonton-Columbia 1967 Both 0,66 700 710 
KY 101 Warren US 31W-Brownsville 1967 Both 0.60 1210 1160 
KY 1827 Edmonson Nolin River Dam Road 1965 0,72 0.64 
SEALED SURFACE KENTUCKY ROCK ASPHALT 
us 231 Daviess f 125(18) South C. L. Owensboro 1965 SBO 0.64 0,60 0,58 
SBI 0.62 0.65 0.60 6110 7730 
SEALED SURFACES: SAND SLURRY 
:JS 2S Scott Georgetown-Williamstown 1964 Both 0.56 0.55 0,54 540 460 
1 i.'~ (1:1 Shelby Louisville-Shelbyville 1963 Both 0.54 0.50 0,52 0.50 3240 3780 
::-; (J(l Shelby Shelbyville-Frankfort 1965 Both 0,46 0.48 0.50 0.48 2960 2560 
liS 60 Franklin Shelbyville-Frankfort 1965 Both 0,45 0.44 0,45 0,43 5000 5420 
iJ.S ~60 Franklin Frankfort-Georgetown 1966 Both 0.46 3120 4550 
COEFFICI~I OF FRICTION AJJr 
ROUfE PROJECf CO:I/SlR 
NlJ'·lllER OJiJI.JT'i ~JU'-lliER IDCAriO~ YEAR LA'JE 1964 1965 1966 1967 1965 1967 
FLUSHED SURFACES (ASPHALT) 
KY 686 i3utler RS 16-516 'lorgantmm-T-1/oodbury 1961 iloth 0.15 
CHIP SEAL: LIMESTONE AGGREGATE 
us 460 ilour~Jon Paris-SideviCh' 1966 iloth 0,59 0,53 720 450 
us 460 ·1ontgomery Paris-Sidevie\11 Both fl,44 Res, 720 450 
PORTLAND CEMENT CONCRETE PAVEMENTS 
64 S~elby I 64-3(10)42 Shelbyville-Frankfort 1961 EBO 0.61 0.56 0.54 0,55 
EBI 0.61 0,58 0,62 0.65 9950 111250 
I 64 Franklin I 64-3(6) 47 Shelbyville-Frankfort 1961 EBO f1,53 0.54 o.so 
EBI 0,57 0.63 0.62 9310 10210 
I 64 l;ayette I 64-4(12)77 c. L. Lexington 1964 ~VBO 0,59 0,54 
WEI 0,61 0,60 6840 14830 
75 ·,ladison I 75-3(12) 76 Ricllmond-Derea El66 SBO o.so 
75-3(13) 81 SBI o.so 7810 796n 
75 .\"ladison I 75-3(23)69 Derea-:·It, Vernon 1967 SBO 0.53 
Rockcastle SBI 0.53 6620 7680 
W'iP Grayson iVK 27-2 Leitchfield-Elizabeth tOI'ffi 1963 ~VBO 0.54 0.57 0.63 0.64 
WBJ 0.53 0,59 0.64 2370 2980 
us 60 doodford SG 155(I) Frankfort-Versailles 1959 EBO ().60 0,53 0,53 1),47 
EBI 0.62 0.56 0,56 0.62 9900 10310 
us 60 Shelby SP 106-209 Shelbyville, West C.L. 1957 EBO 0,45 0.43 0,47 0,43 
EBI 0.50 o.so 0,53 0,53 10-420 6780 
TABLE Y 
SAND SLURRY SEALS - FY 1968 
COEFFICIENT OF FRICTICN 
ROl.ITE PROJECT CONSTR EB WB 
NUMBER COUNTI Nll'!BER LOCATION YEAR(FY) NB Lane SB Lane Average 1967 ADT - -·-··- ·--
us 60 Clark MP 25-102-M Lexington-Winchester 1968 0,41 0,46 0,44 3800 
us 60 Clark 'IP 25-22-K Winchester-Mt~ Sterling 1968 0.49 0,54 0,52 990 
us 60 )1ontgomery I.IP 87-117-J Winchester-?--1t. Sterling 1968 0.48 0.48 0,48 1070 
us 60 l'-1cCracken ~IP 73-172-0 Paducah-Wickliffe 1968 0,38 0.37 0,38 3700 
liS 227 Clark 'IP 25-2-I Winchester-Paris 1968 0,39 0.47 
0,43 850 
us 460 Scott liP 105-134-H Georgetmvn-FranK£ ort 1968 0.48 0.48 0,48 1760 
KYll Montgomery I·IP 87-97 -H ~·1t. Sterling-Clay City 1968 0.43 0.45 0.44 
1950 
KY 15 Powell 99-100-L Stanton-Clay City 1968 0.40 0.38 0.39 
2150 
KY 29 Jessamine RP 57-68-G Wilmore-Nicholasville 1968 0.47 0.39 
0.43 2490 
KY 33 Jessamine 'IP 57-128-B US 58-Versailles 1968 0.70 
0,61 0,65 470 
KY 90 Wayne }IP 116-19-I >1onticello-Bronston 1968 0.41 0,29 0.35 
2500 
KY 90 Wayne 'IP 116-99-L ~1onticello-Clinton Co. Ln. 1968 0.36 0,53 
0,44 1640 
KY 152 \1ercer }·IP 84-3092-E Harrodsburg 1968 
0.38 0.43 0.40 
KY 152 '1ercer }IP 84-92-L Harrodsburg-Burgin 
1968 0.38 0,35 0.36 2510 
KY213 Powell 99-20-H Stanton-Mt. Sterling 1968 
0.43 0,46 0,45 950 
KY 1057 Powell 99-180-M Clay City-Furnace 
1968 0.33 0.30 0,32 620 
ffurstbourne 
Lane Jefferson 56-633-B Hurst-KY 155 1968 0.34 
0,28 0.31 
TABLE 3li 
HIGH ACCIDENT LOCATIONS 
COEFFICIENT 
ROUTE PROJECT CONSTR OF FRICTION 
lliJMBEB_ COUNTY NUMBER LOCATION 1EAR PAVEMENT LANE 1967 1967 ADr 
us 23 Pike F 127(20) Pikeville-Virgie 1952 Class I Both 0,27 4780 
F 127(3) 
us 23 Pike F 127(20) Pikeville-Virgie 1952 Class I Both 0.29 6030 
F 127(3) 
us 23 Pike 98-3-2SA Pikeville-Allen 1957 Class I Both 0.34 6030 
us 25 Rockcastle Mt. Vernon-Livingston Class I NBO 0.31 13480 
NBI 0.29 
SB 0,26 
us 27 Lincoln F 502-( 6) Somerset-Stanford 1959 Class I Both 0.28 3600 
US 31W Edmonson Bowling Green-Cave City 1964 Class I NBO 0.39 8270 
TypeB NBI 0.36 
SB 0.34 
us 41A Christian F 306(8) Hopkinsville-Term. State Line 1956 Class I Outer 0.32 
Inner 0.43 15000 
us 41 Christian Hopkinsville~disonville 1966 Class I NB 0.26 
Type A SB 0.34 5130 
us 60 Bath MP 6-64-X Salt Lick-Morehead 1966 Class I Both 0.40 4810 
Type A 
us 60 Carter MP 22-148-R Grayson-Olive Hill 1960 Class I WB 0.30 4170 
EB 0.42 
us 60 Rowan MP 103-2-N Morehead-Olive Hill 1965 Class I Both 0,31 5370 
Type A 
us 60 Rowan MP 103-2-N Morehead-Olive Hill 1965 Class I Both 0.33 5370 
Type A 
ROUTE 
NUMBER 
us 68 
us 68 
KY 52 
KY80 
COUNTY 
.Marion 
Warren 
Madison 
laurel 
PROJECT 
NllMBER 
F 234(14) 
HIGH ACCIDENT LOCATIONS cont. 
LOCATION 
Lebanon-Campbellsville 
Bowling Green-Russellville 
Richmond-Irvine 
Somerset-London 
CONSTR 
YEAR 
1964 
PAVEMENT LA.NE 
Class I Both 
Class I Both 
Type B 
Both 
Chip seal EB 
WB 
COEFFICIENT 
OF FRICTICN 
1967 1967 ADr 
0.47 1760 
0.34 3730 
0.42 5820 
0.52 1760 
0.34 
